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Abstract The aim of this study was to investigate the
occurrence of hepatitis E virus (HEV) in sewage samples in
Shen Zhen, China. Sewage samples were collected from
152 sewage plants including livestock sewage, domestic
sewage and treated sewage from May to July of 2015. Two
of 152 samples were HEV positive (1.32%) from the
livestock sewage plants. Partial ORF2 fragments of HEV
were sequenced and a phylogenetic tree was constructed
using MEGA5.1. Blast and phylogenetic analyses showed
that both of these two sequences belonged to HEV Geno-
type 4. To the best of our knowledge, this is the first study
on the molecular characterization of HEV in wastewater in
China and the first time to detect Genotype 4 in the sewage.
Results from this study indicate that the possibilities of
sporadic infections of HEV should be emphasized because
virus still has the possibility to be circulating in the sewage
in China.
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Abbreviations
HEV Hepatitis E virus
HE Hepatitis E
RT-nPCR Reverse transcription nest PCR
ORF2 Open reading frame 2
GenBank accession number Partial ORF2 fragments of HEV
detected in sewage were sequenced. Since our two positive samples
have the high identities, so we chose one sequence to submit to the
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Hepatitis E (HE) is an acute self-limiting disease caused by a
non-enveloped, positive-sense, single-stranded RNA virus
designated ‘‘hepatitis E virus’’ (HEV) (Mao et al. 2013).
Polluted food and water can be the sources of infection and
waterborne transmission is the chief type for HEV spreading
(Yugo and Meng 2013). Recently, divergent HEV strains
have been discovered in the sewages in different countries
from all over the world. In the present study, we aimed to
provide preliminary information regarding the occurrence
and molecular characterization of HEV in different sewage
samples in Shen Zhen (China), through the monitoring of
152 sewage samples collected including livestock sewage,
domestic sewage and treated sewage.
The samples, 51 for livestock sewage, 51 for domestic
sewage, and 50 for treated sewage were collected every
month from three sewage treatment plants between May
and July 2015. One hundred and twenty farms were
included in the study.
The sewage samples (2 l in total) were collected and
divided into aliquots of 10 ml, then 10% (w/v) PEG 6000
was added to each sample along with sodium chloride to the
final concentration of 0.4 M. After centrifuging, concen-
trated sewage samples (1 ml each) were extracted and stored
at -80 C until they were tested. Total RNA was extracted
from sewage samples using the UltraPureTM RNA Kit
(CWBIO,Beijing, China), according to the manufacturer’s
instructions. Then the extracted RNA was used for comple-
mentary DNA (cDNA) synthesis using the HiFiScript 1st
Strand cDNA Synthesis Kit (CWBIO, Beijing, China) at
42 C for 50 min and 70 C for 15 min. Nested PCR was
carried out to amplify a partial fragment of ORF2 (nt 5,983-
6,349) of the HEV genome. The primers sets P1 [50-AAT
TATGCYCAGTAYCGRGTTG-30] and P2 [50-CCCTTRTC
YTGCTGMGCATTCTC-30] were used for the first round,
P3 [50-GTWATGCTYTGCATWCATGGCT-30] and P4
[50-AGCCGACGAAATCAATTCTGTC-30] for the second
round (Tam et al. 1991). The amplification parameters for
both rounds of PCR were the same: 95 C for 7 min, fol-
lowed by 35 cycles of 94Cfor 1 min, 42 C for 1 min, and
72 C for 2 min, with a final extension step at 72 C for
10 min. Fragment sizes were compared ranging from 100 to
2000 bp and The HEV amplicon was 348 bp.
The PCR results indicated that two (1.32%) of the 152
samples from the sewage plant were positive for HEV. In
order to further identify the genetic relationship between
this virus and other known HEV strains, we evaluated the
relatedness of sequences deposited in public databases by
BLAST. Blast analysis exhibited that it showed 95 and
99% identities to the sequences detected from the swine in
Guangdong province, China. Also by using the software of
MEGA5.1, a neighbor-joining tree was constructed with
bootstrap values calculated from 1000 replicates. Accord-
ing to the neighbor-joining tree, these two kinds of HEV
detected from the sewage samples were both Genotype 4
(GenBank accession nos. KT008933), and were closely
related to the AJ272108 and AY594199 (Fig. 1).
Fig. 1 Phylogenetic analysis
based on ORF2 (348 nt)
depicting the genetic
relationship between our strain
from this study. A neighbor-
joining tree was constructed
with bootstrap values calculated
from 1000 replicates. Isolates

















Since the first swine strain was characterized from a pig
in the United States, HEV infection in swine appears to be
an important cause of acute viral hepatitis worldwide
(Meng et al. 1997). Nowadays, China is commonly con-
sidered as an endemic area for Hepatitis E (Xiao et al.
2012). It is well known that Genotypes 3 and 4 are zoonotic
and are responsible for sporadic and autochthonous infec-
tions in both humans and swine (Mao et al. 2013). Mean-
while, swine have been known to serve as a reservoir
species for HEV transmission to humans (Yugo and Meng
2013). In our research, we collected the sewage from the
sewage treatment plants of the city and detected HEV
successfully. However, there is still lack of concrete data
on the concentrations of the detected sequences. Since
China is a large country for pig industry and pork pro-
duction, testing HEV concentrations in sewage seems to be
particularly important. Next step, we would like to do more
research on the concentrations of HEV in the sewage.
According to the reports, raw sewage water has been
shown to contain HEV strain related to the circulating in
humans and animals closely in both developed countries
and the developing countries (Yugo and Meng 2013). In
Netherlands (Rutjes et al. 2009) and Japan (Ishida et al.
2012), HEV of Genotype 3 had been detected in the
sewage samples. Meanwhile, a HEV of Genotype 1 was
detected from the sewage samples in Italy between 2008
and 2009 (Iaconelli et al. 2015). Moreover, the research in
Tunisia also showed the positive results in HEV of
Genotype 1 and Genotype 3 in the sewage, even though
pork products are not consumed in this country (Beji-
Hamza et al. 2015). On the other hand, a considerable
amount of experimental studies have been devoted to
elucidate the possibility for the transmission of HEV from
swine to human, which indicating the public sanitation
significance of zoonosis for human beings again. For
example, sporadic human cases of acute HEV infection
Fig. 2 HEV-infected swine in
the livestock farm would be the
primary factor to contaminated
the untreated sewage effluents
of the city and then HEV will be
circulating in the environment
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linked with consumption of raw or insufficiently cooked
meat have been reported in Japan (Tei et al. 2004). In
France, the isolation of the viruses have the similar
sequences between a patient and his pet pig, which also
suggests the possible route of transmission was from pig
to human (Christophe et al. 2007). Combined with pre-
vious study, we assume that in our study fecal specimens
from the HEV-infected swine in the piggeries of suburbs
would be the primary factor to pollute the untreated
sewage effluents of the city. Then human could be
infected with HEV by consuming the animal reservoir.
Although direct mechanism of HEV transmission from
animals to humans is lacking, swine recognized as a major
reservoir for HEV transmission to humans has gradually
become an undoubted fact (Fig. 2) (Williams et al. 2001,
Fauci et al. 2010, Xiao et al. 2012).
To the best of our knowledge, this is the first study on
the molecular characterization of HEV in wastewater in
China and the first time to detected Genotype 4 in the
sewage. More studies are necessary to gather information
on the occurrence and diversity of the strains circulating in
humans and animals in order to gain a better understanding
of the epidemiology of HEV and assess the public health
risk linked to contamination of aquatic environments.
Control strategies and tactics should be published for the
prevention and treatment of HEV thoughtfully.
Authors’ Contribution HL and WL carried out the molecular
genetic studies, participated in the sequence alignment and drafted the
manuscript. QW, WH and JY participated in the sequence alignment.
RS, LY participated in the design of the study and performed the
homology analysis. MHJ and FH conceived of the study, and par-
ticipated in its design and coordination. YZ and JM helped to draft the
manuscript. All authors read and approved the final manuscript.
Funding This study was funded by the National Natural Science
Foundation of China (Grant No. 31272515).
Compliance with Ethical Standards
Conflict of Interest The authors declare that there is no conflict of
interest regarding the publication of this paper.
Ethical Approval This article does not contain any studies with
human participants or animals performed by any of the authors.
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
References
Beji-Hamza, A., Hassine-Zaafrane, M., Khelifi-Gharbi, H., Della
Libera, S., Iaconelli, M., Muscillo, M., et al. (2015). Hepatitis e
virus genotypes 1 and 3 in wastewater samples in Tunisia. Archives
of Virology, 160(1), 183–189. doi:10.1007/s00705-014-2251-8.
Christophe, R., Jean-Francois, C., Marc, B., Philippe, H., Denis, O.,
Herve`, R., et al. (2007). Possible zoonotic transmission of
hepatitis e from pet pig to its owner. Emerging Infectious
Diseases, 13(7), 1094–1096.
Fauci, V. L., Grillo, D. S. C., Calimeri, S., Giudice, D. L., & Squeri, R.
(2010). Hepatitis e virus (hev) in sewage from treatment plants of
Messina university hospital and of Messina city council. Journal
of Preventive Medicine & Hygiene, 51(1), 28–30.
Iaconelli, M., Purpari, G., Libera, S. D., Petricca, S., Guercio, A.,
Ciccaglione, A. R., et al. (2015). Hepatitis a and e viruses in
wastewaters, in river waters, and in bivalve. Food and Environ-
mental Virology, 7(4), 316–324. doi:10.1007/s12560-015-9207-3.
Ishida, S., Yoshizumi, S., Ikeda, T., Miyoshi, M., Goto, A.,
Matsubayashi, K., et al. (2012). Detection and molecular
characterization of hepatitis e virus in clinical. Archives of
Virology, 157(12), 2363–2368. doi:10.1007/s00705-012-1422-8.
Mao, J., Zhao, Y., She, R., Xiao, P., Tian, J., & Chen, J. (2013). One
case of swine hepatitis e virus and porcine reproductive and
respiratory. Virology Journal, 10, 341. doi:10.1186/1743-422X-
10-341.
Meng, X. J., Purcell, R. H., Halbur, P. G., Lehman, J. R., Webb, D.
M., Tsareva, T. S., et al. (1997). A novel virus in swine is closely
related to the human hepatitis e virus. Proceedings of the
National Academy of Sciences of the United States of America,
94(18), 9860–9865.
Rutjes, S. A., Lodder, W. J., Lodder-Verschoor, F., Van Den Berg, H.
H. J. L., Vennema, H., Duizer, E., et al. (2009). Sources of
hepatitis e virus genotype 3 in the netherlands. Emerging
Infectious Diseases, 15(3), 381–387. doi:10.3201/eid1503.071472.
Tam, A.W., Smith, M.M., Guerra, M. E., Huang, C. C., Bradley, D.W.,
Fry, K. E., et al. (1991). Hepatitis e virus (hev): Molecular cloning
and sequencing of the full-length. Virology, 185(1), 120–131.
Tei, S., Kitajima, N., Ohara, S., Inoue, Y., Miki, M., Yamatani, T.,
et al. (2004). Consumption of uncooked deer meat as a risk factor
for hepatitis e virus. Journal of Medical Virology, 74(1), 67–70.
Williams, T. P. E., Kasorndorkbua, C., Halbur, P. G., Haqshenas, G.,
Guenette, D. K., Toth, T. E., et al. (2001). Evidence of
extrahepatic sites of replication of the hepatitis e virus in a swine
model. Journal of Clinical Microbiology, 39(9), 3040–3046.
Xiao, P., Li, R., She, R., Yin, J., Li, W., Mao, J. & Sun, Q., 2012.
Prevalence of hepatitis e virus in swine fed on kitchen residue.
PLoS ONE, 7 (3), e33480. http://www.ncbi.nlm.nih.gov/
pubmed/22457765.
Yugo, D. M., & Meng, X. J. (2013). Hepatitis e virus: Foodborne,
waterborne and zoonotic transmission. International Journal of
Environmental Research and Public Health, 10(10), 4507–4533.
doi:10.3390/ijerph10104507.
Food Environ Virol
123
